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O rives. study evaluates 1) the safety and efficacy of
catheter delivery of to uency current to eliminate sustained
node reentrant tachy dia; 2) the Incidence of sinoatri-
al t by Is In the current group of patients
unde yslo c study for paroxysmal supraventric-
r tachy ; and 3) the don of sin
trial node reen-
trant by la with other
hyarrhythmias.
Background. Sustain sinoat node reentrant chycardia is
an uncommon cause of xy supraventricular tachycardia
t is reported to occur in uently In conjunction with other
. AI col c and su there
available, them is limited Information with regard to catheter
ablation of sin t node reentrant tarbyeardia.
Me . Ten patients with sustained sl trial node ° aentrant
y underwent a physiologic study and radlofre-
quency current ablation. Patients were followed up for 9 .2 ± 6.0
months.
Res . Of 343 consecutive patients referred for electrophysi-
evaluation of paroxysmal supraventricular hycardia,11
(3.2%) were found to have inducible sustained siu trial node
reentrant tachyc la . Nine of the 11 patients had other associated
Sinoatrial node reentry was considered as a theoretical cause
of atrial arrhythmias by Barker et al . (1) in 1943 . Animal
studies (2,3) using isolated sinus node preparations later
demonstrated reentry either completely or partially within
the sinus node. Sustained tachycardia arising from the
sinoatrial node region has been reported in humans and is
believed to represent the human coul®~erpart to the sinoatrial
node reentry seen in animal models . Electrophysiologic
criteria for the diagnosis of sinoatrial node reentrant tachy-
cardia in humans is based on similar atrial activation
sequence and P wave morphology in sinus rhythm and
tachycardia, consistent initiation and termination with pro-
grammed electrical stimulation, and termination of tachycar-
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arrhythmias, including atrioventricular (AV) node reentrant
tachycardia (6 patients), AV reciprocating tachycardia (2 pa-
tients), ectopic atrial tachycardia (2 patients) and bundle branch
reentrant tachy dia (1 patient). In 10 patients, direct ablation of
sinoatriai node reentrant tachycardia was attempted and was
successful in all (confidence interval for failure 0-0.26) . Sinoatrial
node reentrant tachycardia was eliminated with a median of four
radiofrequency current applications (range I to 10) at 20 to 30 W.
Successful ablation site characteristics during sinoatrial node
reentrant tachycardia Included 1) atrial activation 2:35 iris (mean
44 :1: 8 ins) before the onset of the surface P wave, 2) atrial
activation X20 ms (m 28 ± 6 ins) before the onset of high right
atrial activation, and 3) significantly prolonged and fractionated
electr ra (mean duration 87 ± 21 ) . No co°nplications were
encountered, and there have been no recurrences of sinoatrial
node reentrant tachycardia .
Conclusions. Sin trial node reentrant tachycardia may be
effectively and safely treated with radiofrequency current ablation
at the site of earliest atria) activation .
(.I Am Coll t< ardiol 1994,23:926-34)
dia with maneuvers that increase vagal tone or with ade-
nosine (4-6). Sinoatrial node reentrant tachycardia is
recognized as an uncommon cause of sustained tachycardia
with an incidence reported from 1% to 16% of all paroxysmal
supraventricular arrhythmias (7-9) . It remains unclear
whether the reentrant circuit is completely confined to the
sinus node or if surrounding atrial tissue is involved .
Until recently, pharmacologic treatment has been the
only option for the management of sinoatrial node reentrant
tachycardia (7,8). Surgical sinoatrial node modification of-
fered the first opportunity to permanently cure sinoatrial
node reentrant tachycardia with preservation of normal
sinus node function (10,11) . The development of catheter
ablation techniques has provided a less invasive modality for
effecting a cure of most types of paroxysmal supraventricu-
lar tachycardias ; however, there are few available data on
the safety and efficacy of catheter ablation of sinoatrial node
reentrant tachycardia .
In this report we describe 10 cases of modification of the
sinoatrial node region by using catheter delivery of radio-
frequency current to eliminate sustained sinoatrial node
0735-10971941$7 .00
*History of atrioventricular node reentrant tachycardia (AVNRT) . AS = aortic stenosis ; AVR = aortic valve
replacement ; AVRT = atrioventricular reentrant tachycardia ; BBRT = bundle branch reentrant tachycardia ; CAD =
coronary artery disease ; EAT = ectopic atrial tachycardia
; F = female ; M = male ; MR = mitral regurgitation ; Pt =
patient ; SANRT = sinoatrial node reentrant tachycardia .
reentrant tachycardia while preserving normal sinus node
function. In addition, we assess the incidence of sinoatrial
node reentrant tachycardia in th~, current population of
patients undergoing electrophysiologic study for paroxysmal
supraventricular tachycardia and the as,,ociation of sinoatri-
al node reentrant tachycardia with other 'achyarrhythmias .
Methods
Patients (Table 1) . Between January 1991 and May 1993,
343 patients were referred to Duke University Medical
Center for diagnostic electrophysiologic evaluation and ra-
diofrequency ablation of paroxysmal supraventricular tachy-
cardia. Of these patients, 11 demonstrated inducible sus-
tained sinoatrial node reentrant tachycardia at the time of
electrophysiologic study. Sustained sinoatrial node reentrant
tachycardia was defined as lasting >30 s and requiring
pacing, vagal maneuvers or adenosine to terminate . Patients
with nonsustained sinoatrial node reentrant tachycardia
were not included .
Electrophysiologic study . Catheter ablation procedures
were performed after informed consent was obtained under
a protocol approved by the Investigational Review Board of
Duke University Medical Center . All antiarrhythnic medi-
cations were discontinued for at least 4 half-lives before
baseline electrophysiologic evaluation . Patients were stud-
ied in the postabsorptive state using I- to 2-mg doses of
midazolam as needed throughout the study for sedation .
Local analgesia was obtained with 2% procaine . Multipolar
catheters were introduced percutaneously into the right
femoral vein and advanced to the right ventricular apex, His
bundle region and high right atrium . From the right jugular or
the left subclavian vein, a 6F orthogonal catheter (Mansfield-
Webster) was positioned in the coronary sinus . Intracardiac
bipolar electrograms (filtered at 50 to 500 Hz) and standard
electrocardiographic (ECG) leads I, 11, 111, V, and V r,
(filtered 0.05 to 300 Hz) were amplified and simultaneously
displayed on a multichannel oscilloscope, recorded on paper
at speeds of 100 or 250 mm/s and stored on optical disks
using a digital electrophysiologic laboratory data system
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Table 1 . Patient Characteristics
Pt
No .
Age
(yr)i
Gender
sylupiorns Heart isease
Unsuccessful
Drugs
Arrhythmia at
Electrophysiologic Study
I 57/F Palpitation
None Verapamil
SANRT, AVNRT
2 61/F Palpitation, dyspnea None
ftoxin
Beta-blockers
SANRT, AVNRT
3 Seat
Palpitation, syncope AVR for AS
Verapamill
Digoxin
SANK AVNRT, BBRT
4 39/F Palpitation
CAD
None SANRT, AVRT
5 621M Palpitation None Digoxin
SANRT*
6 62/M Palpitation
None
Flecainide
vempmil
Beta-blockers
Quiflidine
Verapamil SANRT
7 40/F Palpitation None
130a6lockers
Verapamil
SANRT, AVNRT
8 Q& Palpitation None
Mexiletine
Disopymmide
Flecainide
Digoxin
SANRT, AVNRT
9 59/M Palpitation Mild AS
Procainamide
Beta-blockers
Digoxin
SANRT, AVNRT; EAT
10 63/F Palpitation, dyspnea
CAD
Moderate MR
Beta-blockers
Digoxin SANRT, EAT (multiple foci)
H
55/F Palpitation
None
Metoprolol
Verapamil
SOW
Verapamil SANRT, AVRT
Quinidine
Procainamide
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(Biomedical Instrumentation, Inc .). One or more ECG leads
were further amplified to allow easier determination of the
onset of the surface P wave activity for comparison to
intracardiac atrial activation .
Electrical stimulation was performed using a custom-built
programmable stimulator (JH Kasell) delivering 2 .0-ms con-
stant current pulses at twice late diastolic threshold . The
stimulation protocol included atrial and ventricular incre-
mental pacing, programmed stimulation with single atrial
and ventricular extrastimuli following an 8-beat drive train,
and atrial and ventricular burst pacing . If sustained arrhyth-
mias could not be induced in a baseline state (two patients),
isoproterenol infusion was initiated and titrated to achieve at
least a 20% increase in heart rate . The stimulation protocol
was then repeated . Intravenous heparin was administered at
an initial dose of 5,000 U at the onset of the procedure with
subsequent boluses of 1,000 U/h for the duration of the
study.
Diagmt1c: criteria for various tichycardias . The diagno-
sis of sinoatrial node reentrant tachycardia required all of the
01100g: 1) atrial activation sequence originating from the
high lateral right atrium and similar to that in sinus rhythm ;
2) P wave configuration on a 12-lead electrocardiogram
during tachycardia similar to the P wave configuration in
sinus rhythm; 3) tachycardia initiated by atrial stimulation
and terminated by properly timed atrial premature stimuli ;
4) termination with adenosine or with maneuvers that in-
crease vagal tone, or with both (4-7) . The diagnosis of
typical atrioventricular (AV) node reentrant tachycardia,
AV reciprocating tachycardia, ectopic atrial tachycardia and
bundle branch reentrant tachycardia was made on the basis
of previously described criteria (7,12) .
Ablation procedure . Mapping and ablation were per-
formed by using a 7F deflectable hexapolar catheter with a
4-mm bulbous tip electrode . A commercially available elec-
trosurgical generator (Radionics model radiofrequency
G-30 was the power source and delivered continuous,
unmodulated radiofrequency (500 kHz) current between the
distal electrode of the ablating catheter and a cutaneous
dispersive electrode (Scotchplate, 3M Medical), positioned
posteriorly on the thorax .
The ablation site for sinoatrial node modification was
chosen on the basis of electrogramm recordings in the high
posterolateral right atrium near the junction of the atrium
and superior vena cava
. At the site of earliest atrial activa-
tion, radiofrequency current was delivered at 20 to 30 W for
15 to 60 s during sinoatrial node reentrant tachycardia .
Current was immediately discontinued in the event of an
increase in impedance or catheter dislodgment . After each
application of radiofrequency current, the presence or ab-
sence of inducible sinoatrial node reentrant tachycardia was
reassessed by atrial programmed stimolation, Thee procedure
was terminated when sinoatrial node reentrant tachycardiaa
could not be induced either at baseline or during isoproter-
enol infusion at least 30 min after the last
application of
radiofrequency current .
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A similar procedure of mapping the
site
of earliest atrial
activation was used to ablate ectopic atrial tachycardia . In
patients with AV node reentrant tachycardia, slow pathway
ablation was performed by using techniques previously
described (13) . The left lateral accessory pathways found in
two patients with sinoatrial node reentrant tachycardia were
ablated from a retrograde aortic approach (14) . Bundle
branch reentrant tachycardiaa was treated by ablation of the
right bundle branch (15) . Radiofrequency current was used
as the energy source for all ablations .
Follow-up evaluation . All patients had continuous ECG
monitoring for a minimum of 24 h after the ablation proce-
dure with ECGs recorded 12 to 24 h after ablation . Two
patients underwent follow-up electrophysiologic study 2
days after ablation that revealed no ind ;;c,ible tachycardia at
baseline or during isoproterenol infusion . All patients were
discharged without antiarrhythmic drug therapy . The fol-
low-up period has ranged from 2 to 18 months .
Data analysis, Numeric data are presented as mean value
± SD. One-sided confidence limits were calculated for the
true failure rate and true complication rate because mea-
sured rates were 0 in both cases (16) .
Results
Clinical characteristics . Of the 343 patients referred for
electrophysiologic evaluation of supraventricular tachycar-
dia, 11(3.2%®) were found to have sustained sinoatrial node
reentrant tachycardia . Patients were typically older (mean
age 55 ± 9 years) (Table 1) than those presenting with other
forms of paroxysmal supraven,'ricular tachycaviia . There
were seven women and four men . Structural heart disease
was absent in eight patients . Two patients had aortic stenosis
and coronary artery disease ; one of these had undergone
aortic valve replacement and coronary artery bypass graft-
ing. One patient had moderate mitral regurgitation . In all
patients, electrophysiologic consultation was prompted by
recurrent episodes of palpitation . The one patient with a
prosthetic aortic valve had an episode of syncope after his
operation. All but two patients had at least one episode of
clinically documented symptomatic long RP tachycardia . In
the two patients with ectopic atrial tachycardia and sinoatrial
node reentrant tachycardia, rhythm strips compatible with
both arrhythmias were available . Antiarrhythmic drug ther-
apy failed to eliminate palpitation in nine patients (Table 1) .
In a single case, an antitachycardia pacemaker had been
implanted for treatment of atrioventricular node reentrant
tachycardia
Electrophysiologic study . The mode of induction of sus-
tained sinoatrial node reentrant tachycardia was premature
stimulation with single atrial extrastimuli in seven cases and
atrial burst pacing in four. In all of the latter cases, atrial
premature extrastimuli induced nonsustained sinoatrial node
reentrant tachycardia. The cycle lengths cf the observed
tachycardias ranged from 290 to 580 Ins (mean 432 ± 78) .
Carotid sinus massage consistently slowed and then abruptly
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VI
V6
RVA
HRA
HBE
CSP
CSM
CSD
Figure 1 . Typical recording of surface and intracardiac electrograms
with application of carotid sinus massage during sinoatrial node
reentrant tachycardia . The tachycardia cycle length progressively
prolongs and then abruptly terminates with restoration of sinus
rhythm (*) . The sequence of atrial activation on the intracardiac
electrograms is almost identical during sinoatrial node reentrant
tachycardia and sinus rhythm . Shown are surface leads I, II, 111, V,
and
V6
and recordings from the right ventricular apex (RVA), high
right atrium (HRA), His bundle electrogram (HBE) and the proximal
(CSP), middle (CSI) and distal (CSD) poles of the coronary sinus
catheter .
terminated the arrhythmia in 10 of the I I patients (Fig . I) .
Intravenous administration of adenosine (6 to 12 Ing) elimi-
nated sinoatrial node reentrant tachycardia in all I I cases
(Table 2) .
Concomitant supraventricular tachycardias were demon-
Table 2 . Characteristics of Sinoatrial Node Reentrant Tachycardia and Successful Ablation Site
SANDERS ET AL .
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strated it] 9 patients with sinoatrial node reentrant tachycar-
dia (Table 1) . The most commonly associated supravontric-
ILI , tachycardia in this group was typical AV node reentrant
tachycardia, which occurred in 6 of the I I patients . Fre-
quently, two separate zones of tachycardia initiation for
sinoatrial node reentrant tachycardia and AV node reentrant
tachycardia were observed, with the latter occurring at
shorter coupling intervals than the former (Fig . 2). During
electrophysiologic testing, the introduction of a single criti-
cally timed premature ventricular or atrial contraction into
one tachycardia occasionally resulted in conversion to the
second form of tachycardia (Fig . 3) . An additicnal patient
(Patient 5) had had AV node reentrant tachycardia during
two previous electrophysiologic studies 5 and 3 years earlier,
but at the time of ablation showed dual AV node physiology
but no inducible AV node reentrant tachycardia even after
*Ablation site characteristics not available because ablation was not attempted in this patient (see text)
. CL = cycle length
; CSM = carotid sinus massage ;
ECG = electrocardiogram ; HRA = high right atrium ; IVCD = intraventricular conduction delay
; LAFB = left anterior fascicular block
; Local A = atria)
electrogram on mapping catheter
; LVH = left ventricular hypertrophy ; Pt = patient
; SANRT = sinoatrial node reentrant tachycardia ; Sur
. P = surface P wave .
Pt
No. ECU
SANRT
CL (ins)
Termination
With
CSM
Termination
With
Adenosine
Onset Local A
to
Sur . P (ms)
Local A Rapid
Deflection
to Sur . P (ms)
Local A
Elactrogram
Duration (ms)
Local A
to HRA (ms)
1 L axis 390 35
25 75 25
2 Normal
380 50 25 90 30
3
LAFB, IVCD 470 40 28 85
25
4 Normal 380 38 29
51 25
5 Normal 440 45
28 125 20
6 LVH 485
40 30 90
25
7 Normal 290 55 25
115 40
8 Normal 420 55 35
85 35
9 Normal 440
+ 50 27 80
30
10 Normal 510
+ 36 25
70 20
N"Torm9l
580
Total
10/11(91%) 11111 (100%)
Mon
432
44 28
87 28
±SLJ 78
8 3 21
6
930
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MBE
2. Patient 1 . A, Surface and intracardiac recordings during
atrial programmed stimulation at the drive (S I ) cycle length of
600 ms with the introduction of an atrial extrastimulus (S 2) at a
coupling interval of 390 ms . Sinoatrial node reentrant tachycardia
t7) was induced . R, The introduction of S2 at a slightly shorter
coupling interval (370 ms) initiated atrioventricular node reciprocat-
ing tachycardia (Y) . Abbreviations as in Figure 1 .
infusion of isoproterenol . Two patients had left lateral ac-
cessory pathways and AV reciprocating tachycardia in ad-
dition to sinoatrial node reentrant tacky-.ardia. In one of
them, concurrent competing AV reciprocating tachycardia
and sinoatrial node reentrant tachycardia were observed
(Fig. 4). One patient had a mid-lateral right atrial ectopic
tachyeardia, and the second patient had multiple foci in the
right and left atria .
Three different tachycardias were induced in two pa-
tients; in one, sinoatrial node reentrant tachycardia and AV
node reentrant tachycardia were associated with ectopic
aerial tachycardia, and in one they were associated with
bundle branch reentrant tachycardia . Both patients had
coronary artery disease and aortic stenosis as well as docu-
mented episodes of symptomatic sinoatrial node reentrant
tachycardia. The patient with bundle branch reentry had a
syncopal event after coronary artery bypass grafting and
aortic valve replacement ; the syncope was thought to be due
to bundle branch reentrant tachycardia that was found to be
hemodynamically unstable during electrophysiologic testing .
Ablation results. Ten of the I I patients underwent abla-
tion of the sinoatrial node reentrant tachycardia (ablation
was not attempted in one patient with the slowest sin trial
node reentrant tachycardia and no clinically documented
epic e). All 10 patients underwent successful radiofre-
quency current ablation of their sinoatrial node reentrant
tachycardiaa with the ablation catheter placed in the high
lateral rot atrium at the sites of earliest
aerial
activation
during sinoatrial node reentrant tachycardia (Fig . 5). The
confidence interval for true failure rate is 0 to 0 .26. The
median number of radiofrequency applications for sinoatrial
node modification was 4 (range I to 10) . Mean wattage was
27 ± 4 NV (range 20 to 30) and voltage was 50 ± 7 (range 39
to 60) applied for 15 to 60 s. There was no evidence of
significant sinus node dysfunction after sinoatrial node mod-
ification in any patient . Basal and isoproterenol-stimulated
sinus cycle lengths were not significantly altered before and
after ablation . In 9 of the 10 patients, all associated tachy-
cardias were also successfully ablated, including slow path-
way AV node modifications (6 patients), accessory pathway
ablation (2 patients), ectopic tachycardia ablation (I patient)
and right bundle branch ablation (I patient) . Two patients
had successful radiofrequency ablation of three separate
tachycardias : sinoatrial node reentrant tachycardia, AV
node reentrant tachycardia and bundle branch reentrant
tachycardia in Patient 3 and sinoatrial node reentrant tachy-
cardia, AV node reentrant tachycardia and ectopic aerial
tachycardia in Patient 9. In Patient 10, the initial arrhythmia
induced was sinoatrial node reentrant tachycardia and this
was successfully ablated . However, on repeated stimulation
multiple ectopic atrial tachycardias were induced and a His
bundle ablation was chosen as the optimal form of therapy .
Slaostrial node reen&ant tachycardia ablation site characc
tedstics. Mapping of the right atrium near the junction of the
superior vena cava and atrium revealed a region of fraction-
ated atria( activity occurring very early in relation to the
surface P wave during sinoatrial node reentrant tachycardia
(Fig. 6) . The mean interval from the onset of the local atrial
electrogrant to the onset of the surface P wave in sinoatrial
node reentrant tachycardia at the site of successful ablation
was 44 ± 8 ms and from first rapid deflection of the atrial
electrogram to the onset of the P wave was 28 ± 3 ms (Table
2). The mean duration of the local atrial electrogram during
sinoatrial node reentrant tachycardia at the successful abla-
tion site was 87 ± 21 ms . All atrial electrograms were
markedly fractionated. The duration from the onset of the
atrial electrogram during sinoatrial node reentrant tachycar-
.tACC Vol . 23, No. 4
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Figure 3. Patient 1 . Introduction of an atrial stimulus
( ,w) at a coupling interval of 2W ms results in the
conversion of sinoatrial node reentrant tachycardia
(V) to atrioventricular node reentrant tachycardia
M. See text for discussion . Abbreviations as n
Figure 1 .
dia at the ablation site to the rapid deflection of the atrial
electrogram at a high right atrial site was 28 + 6 ms .
Follow-up. No immediate complications were associated
with the procedure. No patient was noted to have significant
sinus pauses or sinus bradycardia during continuous telem-
etry after the procedure . One patient with a long history of
atypical chest pain was readmitted to the hospital for recur-
rent chest pain 2 days after her ablation procedure . The
Figure 4 . Patient 4 . Surface and
intracardiac electrograms during
tachy .-ardia in a patient with both
sinoatrial node reentrant tachy-
cardia and atrioventricular (AV)
reciprocating tachycardia with a
left lateral accessory pathway .
The tachycardia is generated at
times by sinus node reentry (S)
and at other times by orthodromic
AV reciprocation (R) or by variable
fusion (F) of the two mechanisms .
Abbreviations as in Figure 1 .
I
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possibility of pericarditis associated with the procedure was
entertained, but she did not have a pericardial friction rub,
new ECG changes or echocardiographic evidence of effusion
to suggest this diagnosis . The relation of her chest pain to the
procedure, if any, remains uncertain . The confidence inter-
val for complication rates is 0 to 0 .26 (0 to 0 .39 if the chest
pain is considered a complication). During a mean follow-up
period of 9 .2 ± 6.0 months (range 2 to 18), no patient has
931
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Figure S. Radiographic position of catheters during successful ab-
lation of sinoatrial node reentrant tachycardia . AC = ablation
catheter; CS = coronary sinus ; His = His bundle ; other abbrevia-
tions as in Figure 1 .
experienced recurrence of sinoatrial node reentrant tachy-
cardia or symptomatic sinus pauses or sinus bradycardia .
Discussion
Incidence . Over the last several years, there has been a
dramatic increase in referral of patients for diagnostic elec-
trophysiologic evaluation of paroxysmal supraventricular
tachycardia and for possible radiofrequency current abla-
tion. Although the criteria for referral may have changed, the
present study shows that sinoatrial node reentrant tachyear-
dia is still an uncommon arrhythmia . In 343 patients under-
going evaluation for paroxysmal supraventricular tachycar-
dia and catheter ablation in the present study, only I I met
stringent criteria for sustained sinoatrial node reentrant
tachycaWip . This incidence of 3 .2% is consistent with that
observed by Josephson (3%) (7) and Wellens (1 .8%) (9) in the
preablation era .
Concomitant arrhythmias . Nine of the I I patients with
sinoatrial node reentrant tachycardia in this study had an-
other tachycardia documented at electrophysiologic study
(Table I). Six of the nine had AV node reentrant tachycar-
dia. A seventh patient had atrioventricular node reentrant
tachycardia documented at a prior electrophysiologic study,
but this arrhythmia could not be induced at the time of
ablation despite repeated attempts and autonomic manipu-
lation, although sinoatrial node reentrant tachycardia was
almost incessant . The occurrence of sinoatrial node reen-
trant tachycardiaa and AV node reentrant tachycardia or AV
Ill -
V6
RVA
HRA--4
AC -
H BE
100 ms
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Figure 6. Patient 1 . Surface and intracardiac recordings during
sinoatrial node reentrant tachycardia . The ablation catheter (AC) is
located at the site of successful radiofrequency current ablation of
sinoatrial node reentrant tachycardia. Local atrial activation occurs
35 ms before the surface P wave . The local atrial electrogram is
markedly fractionated and has a duration of 75 ms . Abbreviations as
in Figure 1 .
reciprocating tachycardia in the same patient has been
reported but is considered uncommon (5,17) . A review of
published studies reveals only five reported cases . In the
series by Gomes et al . (8) of 65 consecutive patients under-
going diagnostic electrophysiologic testing of paroxysmal
supraventricular tachycardia, I I had sinoatrial node reen-
trant tachycardia but none of the I I had other tachyarrhyth-
mias. Combining results from four of the largest studies of
sinoatrial node reentrant tachycardia (4,8,18,19), only 2 (7%)
of 28 patients with this arrhythmia had other sustained
paroxysmal supraventricular tachycardia (AV node reen-
trant tachycardia in one and AV reciprocating tachycardia in
one). The increased prevalence of associated arrhythmias
with sinoatrial node reentrant tachycardia in the present
study may reflect changes in referral patterns with the
advent of radiofrequency ablation. In any case, it under-
scores the need for careful diagnostic evaluation at the time
of ablation so that all mechanisms of tachycardia can be
corrected. To ensure detection of sinoatrial node reentrant
tachycardia in addition to other paroxysmal supraventricular
tachycardias, a wide range of atrial extrastimulus coupling
intervals should be employed to detect different zones of
initiation. Attention to competing mechanism during tachy-
cardia or conversion of one tachycardia to another with
atrial or ventricular extrastimuli also helps to establish a
diagnosis .
Although the incidence of sinoatrial node reentrant tachy-
cardia is low in our overall study group, this arrhythmia was
not benign in these patients and resulted in symptomatic
episodes requiring emergency room and clinic visits. All but
JACC Vol . 23, No . 4
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two patients in this study had at least one episode of
ECG-documented sinoatrial node reentrant tachycardia .
However, the majority of patients had additional arrhyth-
mias that further prompted their referral
. Because sinoatrial
node reentrant tachycardia may occur at a relatively slow
rate and be hemodynamically well tolerated, the rhythm can
be mistaken for sinus tachycardia . Therefore, it is possible
that many cases are not recognized as sinoatrial node
reentrant tachycardia and thus are not referred for further
evaluation . If this is the case, the incidence reported for this
study group may be low with respect to the absolute inci-
dence .
Catheter ablation. There is little available information on
transcatheter delivery of radiofrequency current for the
treatment of symptomatic sustained sinoatrial node reen-
trant tachycardia. In the 10 patients undergoing ablation of
sinoatrial nodal reentrant tachycardia in this study, the
arrhythmia was successfully ablated by a limited number of
applications of radiofrequency current to the high right
atrium in a region presumptively near the tail of the sinoatrial
node. Three criteria during sinoatrial node reentrant tachy-
cardia were useful in determining the optimal site for sino-
atrial node modification : 1) atrial activation on the mapping
catheter occurring ?U ms before the onset of the surface P
wave; 2) atrial activation 20 to 30 ms before high right atrial
activation; and 3) a significantly fractionated and prolonged
atria] electrogram. With the use of these criteria, a small
number of radiofrequency current applications safely and
effectively eliminated sinoatrial node reentrant tachycardia
with preservation of normal sinus node function . Current
catheter techniques did not allow precise delineation of the
presumed reentrant circuit ; however, the presence of local
atrial activity preceding the onset of the P wave in associa-
tion with a markedly fractionated and prolonged local atrial
electrogram is suggestive of a reentrant circuit . The exact
site of reentry may occur in the sinus node or a perinodal
zone or may involve atrial tissue adjacent to the sinus node .
However, the tenet that reentry occurs, if not in the sino-
atrial node, at least in very close proximity to nodal tissue is
supported by the findings of high to low atrial activation
sequence and P wave configuration in tachycardia similar to
sinus P waves, termination of tachycardia with vagal maneu-
vers and adenosine and now by elimination of the arrhythmia
by applications of radiofrequency current to an area anatom-
icaPy consistent with the sinoatrial node that has marked
presystolic and fractionated electrical activity .
There are very few data concerning nonpharmacologic
therapy for sinoatrial node reentrant tachycardia . Kerr et al .
(10) reported successful cryosurgical ablation to the region
of the sinus node for treatment of medically refractory
sinoatrial node reentrant tachycardia . Their patient was left
with a stable ectopic atrial rhythm in place of sinus rhythm .
Successful sinus node modification for treatment of inappro-
priate, nonparoxysmal sinus tachycardia by injection of
ethanol or occlusion of the sinus node artery has been
reported (20,21). Such modalities may also be applicable ~o
sinoatrial node reentrant tachycardia although radiofre-
quency ~-urrent ablation offers a much simpler technique .
Recently, radiofrequency current application has been
shown to eliminate normal sinus node function in dogs
(22) .
Both direct current and radiofrequency current ablation
procedures have been reported effective in the treatment of
ectopic atrial tachycardias (23-28)
; however, only one of
these reports has included ablation of sinoatrial node reen-
trant tachycardia . Kay et al . (27) recently reported success-
ful long-term ablation in three of four patients with sinoatrial
node reentrant tachycardia . The local activation time at the
site of successful ablation was 27 ms, which is similar to the
28 ms in our report . They do not comment on the need for
fractionated local electrograms at the successful ablation
site. In addition, in two of their four patients they noted
several millimeters of shifting in the earliest site of atrial
activation during sinoatrial node reentrant tachycardia after
applications of radiofrequency current to one site
. Such
shifting of the site of activation was not seen in the present
study. Indeed, the finding of a markedly fractionated and
sufficiently early local electrogram allows rapid ablation with
a small number of radiofrequency current applications
within a circumscribed locale. Walsh et al . (23) recently
demonstrated successful radiofrequency ablation of ectopic
atrial tachycardias in I I of 12 pediatric patients, none of
whom had sinoatrial node reentrant tachycardia . Atrial
electrogram onset at the site of successful ablation preceded
the onset of the surface P wave during tachycardia by 20 to
60 ms, similar to the 35 to 55 ms seen for sinoatrial node
reentrant tachycardia in the present study . However, elec-
trogram characteristics at the site of ectopic atria] tachycar-
dia were without early extrapotentials or fractionation, un-
like the findings for local electrograms for sinoatrial node
reentrant tachycardia. Whether the complex electrograms in
the present study represent special characteristics of sino-
atrial node reentrant tachycardia, implying a different mech-
anism of arrhythmogenesis, or simply reflect age-related
differences between adult and pediatric patients awaits fur-
ther investigation .
Limitations of the study . Given the infrequency of sus-
tained sinoatrial node reentrant tachycardia in the general
population of patients referred for evaluation of paroxysmal
supraventricular tachycardia, the total number of patients in
this study is small and is a limitation of the study . Although
successful ablation was obtained in all patients, the 95%
confidence interval for the true failure rate is 0 to 0 .26 .
likewise, the small population size limits the ability to
detect small risks of inducing sinus node dysfunction . For-
mal testing of sinus node function with sinus node recovery
times or exercise testing was not routinely performed before
and after ablation. However, basal and isoproterenol-
stimulated sinus cycle lengths were unchanged, a minimum
of 24 h of monitoring after ablation failed to demonstrate
significant sinus node dysfunction and no patient has devel-
oped symptomatic bradycardia in follow-up .
933
JACC Vol
. 23 . No . 4
SINOATRIAL NODE REENTRANT TACHYCARDIA ABLATION
	
March 15.1994 :926-34
934
SANDERS ET AL .
p
Milcill QW44sm . This study suggests that sinoatrial
node reentrant tachycardia can be safely and effectively
treated with transcatheter delivery of radiofrequency cur-
rent, obviating the need for antiarrhythmic drugs and their
ossible adverse side effects . The diagnosis should be con-
sidered in patients with paroxysmal supraventricular tachy'
cardia, including patients who have other known mecha-
nisms of paroxysmal supraventricular tachycardia .
We thank Bwk McDade for the preparation of this manuscript, the nursing
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